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b. Recruit care coordination team
The telerehabilitation care coordination team is organized under a primary care physician, Steve G. Scott, DO, Chief Physical Medicine and Rehabilitation Services VA at the James A Haley Veterans Hospital in Tampa, Fl. The panel of providers participating in the telerehabilitation for wounded veterans at the Tampa, Miami and Washington facilities included specialists in Neurology/Pain Management, Physiatrists, Clinical Psychologists, Social Workers and Pharmacists. Andrea M. Spehar, DVM, MPH, JD is the Program Manager and a Co-Investigator of this study. Two full time nurses specialized in the treatment of polytrauma, recruited veterans to the study at the Tampa and Miami facilities and provided care coordination while a health science expert accomplished the same at the Washington VA hospital. Assisting them was William A. Lapcevic, MSST, MPH an expert in information technology and data management.
c. Order computers, load software programs/dialogues and set up web site on VA servers.
At least once a week communication is initiated between care coordinators and study participants. The primary mode of contact via secured messaging for the telerehabilitation intervention is the My HealtheVet (MVH). MHV is a VA developed free, online Personal Health Record (PHR) that empowers veterans to become informed partners in their health care and is easy to use . Through a Web-based portal, registered Veterans have Internet access at any time to VA health information that allows them to become informed partners in their care with their medical providers. Veterans can also schedule and change appointments, view their laboratory results, enter and update their own health information for their medical providers to monitor, and the possibility to communicate with their VA medical care team through secure messaging. Caregivers can also access the MHV website and aid in the care coordination of patients.
Task 2. Patient recruitment
 A list of all Operation Enduring Freedom/Operation Iraqi Freedom (OEF/OIF) returnees discharged from the Tampa PT/BRI Center with a primary or secondary diagnosis of mild/moderate TBI was obtained from VA administrative data bases.  Veterans were recruited for the study either at their clinic appointments at the Polytrauma Canter at the James Haley Veterans Hospital (JAH) or were contacted by phone/internet. Patients who met the inclusion criteria and agreed to participate in the intervention signed informed consents.  A total of 150 veterans who met the inclusionary criteria were consented for the study at the Tampa and Miami VA sites and were equally divided between the group that received the telerehab intervention and those in the control group who had access only to the usual and customary care at the hospitals. Tampa (n=60) and Miami (n=60) were the original designated sites for the study. DOD eventually granted permission to include the Washington VA facility (n=30) as a test site.
Task 3. Initial home visits to assess functional status and home environment
The Physical Medicine and Rehabilitation Service (PMRS) at the JAH conducts initial home visit to assess functional status and home environment. Visits to the homes of combat injured veterans are made by qualified Occupational Therapists who provide recommendations for assistive devices and environmental interventions. Functional aids can include hand rails and ramps for wheel chairs in the homes to aid in ambulatory function. Other assistive devices can include modifications to the kitchen to accommodate the needs of the veterans. The cost to the VA is limited to $2,000 per veteran.
Task 4. Data Collection
Patient/Caregiver satisfaction surveys will be conducted six months and 12 months of continuous enrollment in telerehab. The outcome measures we will examine include patient and/or caregiver perception of telerehab including acceptance of the program, perceived quality of care, and convenience. We abstracted questions from other telehealth surveys in the VHA to construct a patient satisfaction questionnaire using a Likert Scale measuring the strength of agreement to gauge attitudes or reactions (see Appendix).We tested the instrument on a small sample of veterans to establish reliability and validity.
Data was also collected from VA Administrative data bases and veteran's self-reposted health, cognition and social integration status. Veterans' health Information Systems & Technology Architecture (VistA) medical record abstracts were used pertaining to health care utilization and treatments. Patient/caregiver surveys were conducted to determine acceptance of telerehabilitation and perceptions on facilitators and barriers to treating veterans at a distance. Table 1 indicates subject characteristics of all 120 veterans enrolled in the study at the Tampa and Miami facilities. This report summarizes our findings for the veterans who completed baseline surveys. Four veterans were female. Females cannot be enlisted in combat units but do sustain injuries due to accidents and indirect fire. The majority of veterans enrolled classified themselves as white and were between 18 and 29 years of age. 
Task 5. Data Analysis

Patient characteristics
Baseline, 6 month and 12 month Surveys
There are nine survey instruments to be completed by study subjects at six month intervals starting with baseline surveys while enrolled in the study. The Functional Independence Measure and Functional Assessment Measure (FIM/FAM); Craig Handicap Assessment and Reporting TechniqueShort Form (CHART-SF), The Mayo-Portland Adaptability Inventory (MPAI-4); Patient Health Questionnaire (PHQ which includes PHQ-2, PHQ-8, PHQ-9, PHQ-15), The Patient Competency Rating Scale (PCRS); The PTSD Checklist -Civilian Version (PCL-C); Short Post-Traumatic Stress Disorder Rating Interview (SPRINT); Alcohol Use Disorders Identification Test (AUDIT); and the SF-12 Health Survey (SF12). The surveys are administered at baseline, 6-months and 12-months. The Patient/Caregiver satisfaction surveys are conducted after 12 months of continuous enrollment in telerehabilitation.
Baseline, 6 month and 12 month surveys were conducted to: 1) To characterize rehabilitation trajectories over time in the areas of function, cognition, psychosocial adjustment, integration into society and mental health disorders over time and 2) To individualize treatment patterns customized to each veterans needs so as to maximize the effect of telerehabilitation. Reported in the Appendix by each site (Tampa/Miami) is each of the assessments to monitor health outcomes at baseline, 6 month and 12 month intervals. Unlike traditional telemedicine that deals with disease specific monitoring or intervention (diabetes, CHF, dementia etc.), our cohort exhibits a very diverse population in terms of disease affliction, complexity and propensity to receive care.
Research Question 1:
What are the changes in functional status, cognition, mental health and community participation over time in veterans with mild/moderate TBI who participate in telerehabilitation (experimental group) vis-à-vis a similar group that receives traditional care (control group)?
Monitoring Health outcomes:
PCRS:
The patient competency rating scale (PCRS) measures the ability of the patient to performance on daily self-care activities, cognitive tasks, social interactions, and emotional control. The primary purpose of the PCRS is to evaluate self-awareness (the ability to appraise one's current strengths and weaknesses) following traumatic brain injury. The PCRS is a 30-item self-report instrument which asks the subject to use a 5-point Likert scale to rate his or her degree of difficulty in a variety of tasks and functions.
Patient Health Questionnaire:
The patient health questionnaire (PHQ) is separated into three components: PHQ2, which was assessed in two different places on the survey and is a ultra-brief depression screen. (PHQ-2) screener is a two-item self-report that enquires about the frequency of depressed mood and anhedonia over the last 2 weeks. The purpose of the PHQ-2 is to screen for depression in a "first step" approach. The construct and criterion validity of the PHQ-2 make it an attractive measure for depression screening. PHQ8 and PHQ9 provide scores of depression severity, and PHQ15 scores somatic symptom severity. Higher scores on these subscales indicate poorer health outcomes. There was no evidence of treatment effects on any of these scales. The direction of treatment effect for all scales except PHQ15 was in the direction of improvement Increased PCRS scores are associated with increased competence. There was no evidence of treatment effect on PCRS scores and the estimated effect of treatment was in the opposite direction than would be expected with patient improvement.
PCLC:
This 6-item screen was derived empirically from the PCL-C for use in primary care settings. It contains the 2 items from each of the re-experiencing, avoidance, and hyper arousal clusters that correlated most highly with the individual cluster score on the PCL-C. The civilian version of the post traumatic stress disorder checklist (PCLC) measures the severity of patient struggles with common problems associated with stressful life events. Higher scores indicate increased severity of symptoms.
There was no evidence for a treatment effect on PCLC scores and the estimated effect was in the direction expected with patient improvement.
SPRINT:
The Short PTSD Rating Interview (SPRINT) is an 8-item self-report measure that assesses the core symptoms of PTSD (intrusion, avoidance, numbing, arousal, somatic malaise, stress vulnerability, and role and social functional impairment). The SPRINT demonstrates solid psychometric properties and can serve as a reliable, valid, and homogeneous measure of PTSD illness severity and of global improvement. Symptoms are rates on 5 point scales from 0 (not at all) to 4 (very much). The SPRINT is responsive to symptom change over time and correlated with comparable PTSD symptom measures. In our analysis, we evaluated the overall severity score (SPRINT questions 1-8), where higher scores are associated with more severe impairment. There was no evidence for a treatment effect on the overall SPRINT severity score and the estimated effect was in the direction expected for patient improvement.
FIM + FAM:
The functional independence measure and the functional assessment measure (FIM+FAM) are used to measure improvement as a result of rehabilitation interventions. The FIM is an 18-item, seven level ordinal scale. It consists of items concerning the degree of assistance needed for self-care, mobility, social interactions, and cognitive functions. Lower scores on this scale indicate greater impairment over time. There was no evidence of treatment effect on this measure and the direction of the estimated effect was in the direction of patient improvement.
CHART:
The Craig Handicap Assessment and Reporting Technique Scoring Short Form (CHART) is used as a measure of handicap that captures the interaction of the person and the environment and of community reintegration and participation. The CHART includes domains to assess six dimensions of handicap and measures how much impairments lead to handicaps and can be used to assess the efficacy of rehabilitation. Lower scores on this scale indicate greater disability. There was no evidence of treatment effect on this scale and the estimated effect was in the opposite direction of patient improvement.
AUDIT:
The Alcohol Use Disorders Identification Test (AUDIT) provides a means of identifying harmful patterns of alcohol use. The AUDIT was developed by the World Health Organization to identify persons whose alcohol consumption has become hazardous or harmful to their health. The AUDIT is a 10-item screening questionnaire with 3 questions on the amount and frequency of drinking, 3 questions on alcohol dependence, and 4 on problems caused by alcohol. Higher scores on this scale indicate greater risk of problematic alcohol use. There was no evidence of treatment effect on this scale and the estimated effect was in the opposite direction of patient improvement. This was the only scale that was not significantly impacted by the PTSD diagnosis at baseline.
SF-12:
The short form survey version 1 (SF-12) consists of 12 items related to physical and mental impairment. Using a validated weighting scheme the same questions are used to derive physical and mental health scores. Higher scores on these scales indicate better physical and mental health. There was no evidence of treatment effect on this scale and the estimated effect was in the opposite direction of patient improvement.
MPAI:
The Mayo-Portland Adaptability Inventory (MPAI) assures that the most frequent sequelae of TBI are considered for rehabilitation planning or other clinical interventions. MPAI-4 items represent the range of physical, cognitive, emotional, behavioral, and social problems that people may encounter after TBI. MPAI-4 items also provide an assessment of major obstacles to community integration which may result directly from TBI as well as features of the social and physical environment. The Mayo-Portland Adaptability Inventory (MPAI-4) is used to evaluate patients with acquired brain injury in the period after hospital discharge. Subscales are can be calculated to measure problems with ability, adjustment, and participation. Higher scores on these scales indicate more impairment over time.
Data analysis:
To answer the first research question we conducted multivariate analysis to determine the effect of treatment on the change over time in summary scores for nine mental health outcome scales used in this study. Summary scores are obtained by aggregating sub domain scores on each of the survey instruments. Calculation of summary scores is outlined in the literature. Each of the models assumed linearity in the time response and normality of the errors conditional on time, site, and treatment. In addition, demographic variables for gender, race (black, white, other), ethnicity (Hispanic or notHispanic), age, and prior Post Traumatic Stress Disorders (PTSD) diagnosis were included as covariates in the model. The presence of PTSD is determined in a face to face interview where the veteran is questioned on common symptoms associated with the diagnosis. A positive diagnosis of PTSD results in higher disability payments resulting in a system rife with abuse. Nevertheless, we established a presence of PTSD by reviewing patient charts.
Statistical model:
In order to account for repeated measures on individuals over time, random intercept effects at the subject level were incorporated into the model specification. This approach assumes that there is a constant correlation for measurements on the same individual but there is no autocorrelation structure in the measurements. The model specification to estimate the effect of the intervention is as follows:
where is the outcome measure for individual, , at time, , 0~ (0, 2 ), and~ (0, 2 ). The effect of interest in this study is the estimated coefficient 4 , the effect of treatment on the change in score over time. Table 2 summarizes the effect of treatment on each of the scales and subscales in the study and shows the expected direction for patient improvement. The estimated effects of baseline PTSD diagnosis on baseline scores for each scale are given for reference. Findings: Though there is no evidence of statistically significant effects of treatment using multivariate analyses on any of the scales, the estimated effects for the adjustment and participation subscales were in the direction expected with patient improvement. Both the intervention group and veterans receiving usual and customary care (control) exhibited improvement on all measures over tome. PTSD as a comorbid condition was statistically significant in predicting PHQ composite scores. All data are self-reported and may be subject to bias. The effect of comorbid PTSD cannot be underestimated. At baseline the presence of Post Traumatic Stress Disorders contributed significantly to illness as measured by composite scores.
The clinical significance of the intervention, however, cannot be underestimated. Reminding veterans of appointments, refilling lost medications and obtaining urgent care for patients at risk for harming themselves are invaluable anecdotes that are not reflected in the health outcome measures captured by the health instruments. Veterans have rated the intervention highly in Patient Satisfaction Surveys. 
2a. What are the changes in resource utilization between the groups after enrollment in telerehab?
We analyzed outpatient and inpatient healthcare use amongst the 60 veterans of Operation Iraqi Freedom (OIF) and Operation Enduring Freedom (OEF) with combat-related injuries who were treated at Tampa's Haley PRC in fiscal years 2015 and 2016 to determine outpatient resource use and costs to the VHA after discharge. VA cost and utilization data is not uniformly available. Data and software analysts at each individual site have to access resource utilization available at participating facilities. As we did not have any IT or software programmers at the Miami and Washington VA hospitals our analysis is limited to veterans enrolled at the Tampa VA.
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Outpatient utilization and costs: We obtained national outpatient cost and use data from the Decision Support System National Data Extracts (DSS-NDE). Measures of healthcare use were the type and number of outpatient clinic stops and associated costs Outpatient use and costs for veterans with combat related injuries Clinic stops are DSS-NDE identifiers defining outpatient production units but may also be used to quantify healthcare use by patient. During the 2-year period of this analysis, over half the cohort was seen in six clinics. They comprised Social Work (n=57), Clinical Pharmacy (45), Prosthetic Supply (39), Primary Care (36), Lab work (34) and Ancillary services (34). The combination of social work service (94%) and clinical pharmacy (74%) indicate civilian adjustment issues, mental health needs, or both. Medications were used regularly by most of the cohort to treat war-related injuries and conditions.
The clinics generating the highest expenses are shown in Table 3 . Some overlap existed with high use and high cost (social work service and pharmacy). The most expensive clinic stop was contract nursing home care, defined as the number of days the patient had VA-paid, vendor-provided care. Total outpatient costs were approximately $1.75 million, an average of $27,000 per patient over 2 years. Costs were about evenly distributed between the intervention and control group enrollees. We were unable to distinguish between clinic visits that were related to combat injury from those resulting from usual care. Costs were about evenly distributed between the intervention and control group enrollees. The intervention did not appear to have resulted in lower utilization. Inpatient utilization and costs: The Tampa Decision Support System (DSS) was used to obtain data on health care utilization and costs. The Computerized Patient Record System in the VA allows for e-codes which can identify cause of trauma to combat wounded warriors. Table 4 details case of injury and associated median and mean costs of treatment in an inpatient setting. The skewness of the cost distribution characterizes the effect of sever Traumatic Brain Injury. At least one veteran incurred over a million dollars in treatment costs at the JAH. As with outpatient visits it was not possible to differentiate combat related trauma utilization from care received for other health conditions. Costs were similar between the participants in the two groups. 
2b. Capture the cost effectiveness of rehabilitation as measured by a decrease in Disability Adjusted Life Years in the areas of reintegration into society and the adverse effects of comorbid conditions such as PTSD.
The disability-adjusted life year (DALYs) is a societal measure of the disease or disability burden in populations. DALYs are calculated by combining measures of life expectancy as well as the adjusted quality of life during a burdensome disease or disability for a population. DALYs are related to the quality-adjusted life year (QALY) measure; however QALYs only measure the benefit with and without medical intervention and therefore do not measure the total burden. Also, QALYs tend to be an individual measure, and not a societal measure.
Our hypothesis that disability burden would decrease as a result of the intervention has proven incorrect as no statistically significant changes occurred between the two groups as detailed earlier in the statistical analysis. Hence, a DALY analysis was not warranted as effectiveness of the rehabilitation could not be established.
Patient Satisfaction Questionnaire:
We conducted a patient satisfaction survey of veterans receiving the care coordination at the VA hospitals in Miami and Tampa with a total of 45 veterans completing the survey at both sites. The surveys were administered after the enrollees had completed health outcome surveys at 18 months. As some veterans moved to another VISN health network and therefore did not complete the surveys. Listed below are the results of the survey. As clearly summarized the patients were appreciative of the telerehabilitation intervention and expressed satisfaction with the care coordination provided. Results of the survey are detailed in Table 5 . Table 5 Question
Mean Median
Std. Dev The telerehab website was easy for me to use.
1.40 1 0.495 I found the telerehab communications convenient.
1.40 1 0.495 I found the amount of time the telerehab communications take to be about right.
1.49 1 0.549 I found the time between telerehab communications about right.
1.71 2 0.757 The RN returned my messages in a timely manner.
1.14 1 0.347 The RN was able to provide the services requested.
1.22 1 0.420 The overall care and services provided by the RN met my needs.
1.18 1 0.442 When I had questions about care coordination the answers provided were helpful to me.
1.27 1 0.495 I had no concerns about whether the privacy of personal medical information was protected.
1.44 1 0.624 The telerehab care coordination was more convenient than arranging care through the VA Hospital.
1.33 1 0.477 The telerehab communications can substitute for some visits to the VA Hospital.
1.87 1 1.079 Overall, I am satisfied with the telerehab service I am enrolled in.
1.24 1 0.435
The Patient Satisfaction Questionnaire is based on a 5 point Likert Scale where:
1 -Strongly Agree 2 -Agree 3 -Uncertain 4 -Disagree 5 -Strongly Disagree
Impact
As may be observed, many of the domains that constitute functional, cognition and social interaction capabilities displayed statistically non-significant differences at the points of measurement in all instruments for both groups. However, this should not be construed as reflecting on the efficacy of the intervention. The number of missed diagnosis uncovered during care coordination were many and include life threatening conditions such as seizures, suicidal tendencies, depression and sleep disorders. On at least two occasions veterans with suicidal tendencies were referred to clinical psychologists who prevented the wounded warriors from harming themselves. Veterans frequently expressed appreciation on the help provided to obtain medications, make clinic appointments. We frequently receive notes via email expressing gratitude of our efforts. The feasibility of telerehabilitation for treating trauma and its effects is clearly demonstrated in our study.
Changes/Problems
Data collection at the Washington DC site: Late in the study DOD consented to adding the Washington VA site to our existing study. A total of 30 veterans were to be consented. Administrative issues resulted in the project being delayed. Eventually 30 patients were enrolled but due to time limitations only a few veterans completed the 6 month assessments. Also, the lack of a data analyst at the site precluded any data abstraction. Hence we have limited our reporting to the Tampa and Miami sites.
Products:
Publications: 
